Results: Mean follow-up was 7.9±4.2 (range 0.2 to 17.4) years, giving a total follow-up of 471.2 patient/years. Early mortality was reported in two of the patients (3.2%). Survival rates at one, six and 15 years were 96.8±2.2%, 94.4±3.2% and 87.1±5.8%, respectively. None of the risk factors were significantly associated with the early mortality. Univariate analysis of risk factors showed that emergency surgery and re-surgery were significantly associated with late mortality (p<0.05), whereas multivariate analysis demonstrated that only emergency surgery (p<0.05) was significantly associated with late mortality. At 15 years, new aneursym, dissection-free and mitral regurgitation-free survival rates were 73.5±9.7%, 93.2±4.9%, 87.3±8.7%, respectively. Conclusion:Our study results suggested improved survival associated with surgical intervention, while showing reduced life expectancy in the patients with Marfan syndrome who underwent emergency surgery. Therefore, those patients should be monitored for cardiovascular involvement carefully.
Marfan syndrome is an autosomal dominant connective tissue disease which affects cardiovascular, skeletal, and ocular systems. The incidence is reported to be from four to 17 for every 100,000. [1, 2] The disease is fatal because of progressive dilatation in the proximal aorta followed by dissection and rupture, which decreases life expectancy to below 40 years of age in its natural course. [2] In order to increase life expectancy, cardiovascular complications must be addressed and corrected in a timely manner.
Since our facility is known as one of the major cardiac centers in our country, many Marfan syndrome patients have been referred to our clinic over the years. We retrospectively reviewed our experience and analyzed the early and long-term results of the operations performed for these cases.
PATIENTS AND METHODS
We collected patient data from the hospital records. All patients were in a regular follow-up program in our hospital's outpatient care facility. No patients were lost to follow-up, and they all had regular hospital visits and required postoperative tests when necessary. Telephone interviews with the patients in this followup were conducted before the final analysis. Informed consent was obtained from all of the patients before the operations.
Demographic data
In Koşuyolu Heart and Research Hospital, between February 1987 and October 2008, 62 Marfan patients (45 males, 17 females; mean age 31.5±9.9 years; range 11 to 56 years) were operated on for cardiovascular pathology. The male to female ratio was 2.7:1,
Preoperative risk factors
All of the patients analyzed had been diagnosed before their hospitalization for Marfan syndrome. Preoperatively, a positive family history for Marfan syndrome was present in 11 patients (20%), hypertension in nine (14.5%), coronary artery disease and pulmonary dysfunction in two (3.2%), and renal dysfunction in one patient (1.6%) . No abnormalities of the aortic valve, such as bicuspid valve, were found.
Statistical methods
Patient data was organized and grouped with Statistical Package for Social Sciences (SPSS Inc., Chicago, Illinois, USA) for Windows version 11.0. Continuous variables were expressed as average ± standard deviation (SD), and the ranges of the data were also given. Ratios were presented as percentages (%). Univariate analysis was applied to the following parameters for how they relate to mortality: preoperative factors (age, sex, presence of an acute aortic dissection, chronic aortic dissection, ascending aortic aneurysm, mitral regurgitation, family history, hypertension, preoperative renal dysfunction, preoperative left ventricular dysfunction with an ejection fraction (EF) <40%, and emergency operation), intraoperative and postoperative factors (use of deep hypothermic circulatory arrest along with postoperative revision surgery for bleeding), and post-discharge factors (reoperation, recently developed aortic aneurysm, aortic dissection, and mitral regurgitation). For univariate and multivariate analyses, a p value of <0.05 was accepted as significant. Survival periods were expressed as average ± standard error (SE). Life tables were compared according to risk factors, and the differences were analyzed with the Cox regression test. Parameters with p<0.10 were removed. After the analyses, p<0.05 was accepted as significant. A logistic regression test was used to compare two-tailed results, and p<0.05 was accepted as significant.
Cardiovascular complications and indications for surgery
Forty-six patients (74.2%) had aortic regurgitation, and 42 (67.7%) had an ascending aortic aneurysm with an average diameter of 7.0±1.9 cm. The indication for the aortic aneurysm was a diameter above 4.0-4.5 cm. The surgical indications for the first operations are summarized in Table 1 . The indications for surgery in aortic and mitral regurgitation (>grade 3) were given according to the American Heart Association valvular guidelines. [3] Concomitant to these diagnoses, two patients had atrial septal defect (ASD), and one patient had tricuspid regurgitation. Patients who had undergone two or more operations had been previously analyzed. [4] Acute aortic dissection denoted dissection confined to the aorta and presenting within 14 days from the onset of symptoms. Chronic aortic dissection denoted dissection confined to the aorta and presenting after 14 days from the onset of symptoms. Aortic and mitral regurgitation denotes severe failure of the aortic valve (>grade 2).
Procedures
Cardiopulmonary bypass was instituted by ascending aortic cannulation. When this was not possible, femoral arterial cannulation was performed. Bicaval or femoral venous cannulation was also implemented. Femoral arterial and venous cannulation was used in four operations, all of which were reoperations. We performed deep hypothermic circulatory arrest (DHCA) in all 21 patients who had thoracoabdominal and aortic arch replacements and in 13 of the aortic root replacements. It was also used in aortic root replacements for dissection. Twelve of these patients had ascending aortic aneurysms, 17 had acute, and three had chronic aortic dissections. Cerebral protection was maintained by retrograde cerebroplegia and topical ice bags, as we have previously reported. [5] We preserved the myocardium with retrograde cardioplegia in most of the cases. Only in patients who had isolated mitral valve procedures did we use antegrade cardioplegia. We did not use aprotinin intraoperatively or postoperatively in any of the cases.
Ninety operations were performed on these 62 patients. Twenty-two operations were performed for nine patients (13 reoperations in total) during their follow-up period. Among these 90 operations, the most commonly performed procedure was aortic root replacement (45 patients, 72.6%). Thirty-seven patients (59.7%) were operated on for the flanged modification of Bentall-De Bono procedure. [6] A composite conduit graft with a mechanical valve was used in the aortic root replacements. Anticoagulation regimens were discussed with the patients before the operations.
Varying degrees of extensive aortic disease were addressed in 20 patients (32.3%) with different segments of aortic replacements. Of the 12 patients (19.4%) with mitral valve disease, eight had valve replacement and four had mitral annuloplasty. Ten had a mitral procedure performed in their first operations. Of these 10 patients, five had surgery only for the mitral disease whereas the other five had concomitant aortic root replacement.
Surgical procedures are listed in Table 2 and procedures performed on reoperated patients are summarized in Table 3 . [4] Seventeen patients (27.4%) had surgery on an emergent basis due to aortic dissection.
Follow-up
The post-discharge follow-up was conducted in our hospital's outpatient clinic. The follow-up schedule was every three months during their first postoperative year and then annually afterwards. Computed tomography/ magnetic resonance imaging (CT/MRI) scanning was performed on those patients who had aortic replacements. Cardiac and valvular functions were evaluated with transthoracic echocardiography. 
RESULTS

Postoperative morbidity
Postoperative morbidity is listed in Table 4 . As can be seen from the table, the most commonly encountered complication was arrhythmia. These patients responded well to antiarrhythmic therapy, and in only one patient did ventricular arrhythmia persist. Of the four patients who showed postoperative renal dysfunction, two had normal renal function preoperatively.
Postoperative mortality
In-hospital mortality was 3.2% with two male patients, a 24-year-old and a 26-year-old. Both had ascending aortic aneurysms and aortic regurgitation (6.3 and 10 cm respectively) and left ventricular dysfunction. Both patients had a flanged modification of the Bentall-De Bono procedure. Postoperative mortality was due to low cardiac output in both cases. Four patients (6.9%) died in the follow-up period. One of them was a male patient who had a flanged Bentall procedure. In his ninth postoperative year, he died of a ruptured descending aortic aneurysm. Two young, male patients who underwent a modification of the Bentall procedure using the Carrel button technique [5] had sudden cardiac death in their 18 th and 11 th postoperative years. The other late term mortality was in a female patient who was operated on at 54 years of age. She died of pneumonia in her hometown in the postoperative sixth year.
Survival rates for one, six and 15 years were 96.8±2.2%, 94.4±3.2%, and 87.1±5.8% respectively (Figure 1) . After univariate analysis, no risk factor significantly affecting early mortality could be identified. The risk factors for late mortality were emergency operations (p= 0.0001) and reoperations (p= 0.0001). As the survival rates were compared, patients who had emergency operations showed significantly worse survival rates than the patients who underwent elective procedures (98.3±0.1% vs. 87.50±11.70%; p= 0.02). Survival rates were not significantly different between the patients who underwent reoperations during their follow-up and those who did not (95.2±0.2% vs. 90.0±0.1%; p= 0.90). Survival rates after reoperations were 95.56±3.04%, 90.66±4.40% and 60.32±12.63% for one, five and 10 years respectively, as was determined by the Cox regression analysis. The mean duration for survival for the reoperated patients was 112±18 months [72-127 months, 95% confidence interval (CI)].
After univariate analyses, multivariate analyses were performed (Table 5) . Emergency operations constituted a risk factor for late mortality (p=0.03) whereas reoperations were not significantly related with late mortality. The only factor which was significantly related to the mortality after the analysis with logistic regression was recently developed dissection [odds ratio (OR)=3.8712; p=0.0065]. 
Follow-up
After discharge, patients were followed up in our hospital outpatient clinic. The average follow-up duration was 7.9±4.2 (0.2-17.4) years adding up to a total of 471.2 patient years. The survival rate for patients who were free of new aneurysms at one, five and 15 years was 100%, 97.7±2.2% and 73.5±9.7% respectively (Figure 2) . Additionally, the survival rate for those free of new dissection at one, five and 15 years was 97.7±2.3%, 97.7±2.3% and 93.2±4.9% respectively (Figure 3) . Finally, the survival rate for those free of mitral regurgitation at five, 10 and 15 years was 100%, 95.2±4.6% and 87.3±8.7% respectively (Figure 4) . We have previously shown that survival rate for patients who were free of reoperation at 13, 24, and 123 months was 95.56±3.04%, 90.66±4.40%, and 60.32±12.63% respectively.
[4]
DISCUSSION
Since there is a variable penetration and expression of the disease, survival in Marfan syndrome is mostly related to cardiovascular complications. [2] The systemic involvements, other than the cardiovascular system, are usually not life-threatening. Replacement of the aortic root and ascending aorta with reimplantation of the coronary arteries in the Bentall-De Bono procedure [1, 2] and different modifications are used in order to decrease the early surgical and late complications of this procedure. Generally, the surgical cut-off is about 5 cm [7, 8] diameter for the aortic root whereas the surgical approach has become more radical with the surgical limit being decreased to 4 cm. [9] According to a risk stratification method proposed by Ergin et al., [10] in a Marfan patient under 40 years of age with a body surface area of 2 cm 2 , 1.3 index will account for 4.2 cm diameter. This approach has decreased the traditional operation limit from 5 cm down to about 4 cm.
Replacement of the ascending aorta and aortic valve with a composite graft and reimplantation of the coronary arteries is the gold standard for aortic root aneurysms in Marfan patients. Other indications for surgery are acute and chronic aortic dissection, severe aortic regurgitation, and progressively increasing dilatation of the aortic root in serial measurements. [2] Acute dissection in the ascending aorta mandates emergent surgery. [2] The decision to operate must be made considering dissection and patient related factors in descending aortic dissections. [11] Aortic regurgitation must be addressed appropriately in Marfan patients. The general surgical indications for aortic regurgitation are relevant for Marfan patients. In patients with an enlarged aortic root, composite graft replacement of that root may be preferred. If the arch is preserved in the aortic root operation, moderate hypothermia will be sufficient. We used DHCA in 21 patients who has surgery mainly for the aortic arch. There were 13 patients operated on with DHCA who had aortic root operations; however, the surgical exposure was important in those operations. In our clinic, we prefer the flanged modification of the Bentall-De Bono procedure as it is suitable for the aortic annulus geometry and physiology. [6, 12] It can be seen in the procedures listed in Table 2 that two patients had aortic valve replacements rather than a composite graft replacement. Although we did not detect a new aneurysmal dilatation in our patients, a careful followup is required and this factor should be kept in mind in order to plan the reoperation. Aortic dilatation above 4 cm mandates operation. When the arch and descending aorta are affected, all of the affected tissue must be removed. [2] Erentuğ et al. [2] advise medical follow-up in cases in which the aorta is dilated throughout its length.
The key question in operation planning is about timing. The risk of aortic rupture is correlated with the aortic diameter. Aneurysms in patients other than those with Marfan syndrome yield a 10% rupture risk for a diameter over 6 cm. [13] More than a 5% increase in aortic root annually increases the complication risk fourfold. [14] Another cardiac dysfunction seen in Marfan patients involves mitral valve anomalies. The most common of these anomalies are annular dilatation, fibromyxomatous changes in the leaflets and the chordae, chordal elongation, and calcium deposits. [15] Mitral prolapse is evident in 60 to 80% of all patients secondary to chordal elongation. Mitral valve involvement must be addressed adequately and be assessed with aortic pathologies for timing and choice of surgery. It was discovered in our study that mitral problems were more common than previously thought. Almost half of the mitral patients in our series had no problems in the aorta or other systems. For long-term follow-up of these patients, reoperations must be carefully planned. It may be argued that the inclusion of the operations for isolated mitral valve procedures may alter the statistics slightly, but as we studied the overall cardiovascular management and long-term survival of these patients, their involvement was necessary.
When mitral regurgitation is present together with aortic root or aortic valvular pathology, the timing of the operation becomes complicated. Surgery may be concomitantly performed with the aortic procedure. [13] Surgery is recommended in grade 2 or higher aortic regurgitation, but reconstructive surgery is a matter of debate. [2] It can be seen in Table 2 that of the 12 mitral procedures, eight were replacements and four were valvular repairs. Despite some authors' recommendations in favor of reconstruction, a structural defect was present in these patients which could have hampered the leaflet in the future. In younger patients, reconstruction will avoid anticoagulation requirement, so it may be the operation of choice. In our analysis of mortality, the type of mitral operation was not considered a risk factor; therefore, instead of strict rules, an individually tailored approach may be preferred for mitral procedures in Marfan patients.
After our analysis of the long-term follow-up of Marfan patients, it can be seen that elective operations must be preferred. Emergency operations may be avoided with close follow-up and more liberal operation indications. With elective surgery, morbidity will also decrease, and the long-term results will be even better. Nine of the 62 patients had reoperations. The estimated mean survival is about eight years, which mandates a careful follow-up. [4] Earlier diagnosis of Marfan patients and a careful follow-up must be made in a cardiovascular clinic. Risk factors should be determined, and general practitioners must be aware of any complication related to this syndrome. In a transition period when the social security is under reconstruction, the course of these patients must be well known and cost, risk analysis, and loss or gain of labor must be made clear to the security companies. Our results indicate a favorable long-term prognosis. One late mortality was due to a ruptured descending aortic aneurysm which could have been prevented by timely surgery. The survival of Marfan syndrome patients could easily be increased with closer and more careful follow-up. The patient follow-up has been completed in this analysis, so these results are important in order to make inferences.
Life expectancy has increased significantly after aortic root replacement. [5] In another Marfan paper, being a male and having emergency surgery were found to be risk factors for mortality. [8] Although emergent surgery was also a factor in our analysis, being a male did not have an impact on the outcome. Considering the dismal effect of new dissections on survival, surgical indications may be more radical in Marfan patients. We have previously reported our experience on the aortic root replacements covering 15 years of follow-up. [16] It can be seen from that study that Marfan syndrome does not affect in-hospital mortality; however, it is associated with a higher risk for long-term mortality.
Pediatric patients were low in number in our series. Of our two patients, one had her child diagnosed with mitral valve prolapse, and he was put into follow-up in our clinic. This shows the importance of family screening in Marfan patients. As we found no dismal affect of family history on survival, these patients may benefit from earlier diagnosis. However, it may be argued that there is a low family history in this patient cohort. Although all the patients met the criteria for Marfan diagnosis, the family screening may be incomplete due to the socioeconomic status of the patients. Although some patients reported some premature deaths in their families, these cases were not included as Marfan syndrome due to the poor quality of their family histories.
Another limitation may be the absence of aortic valvular reconstruction in our series. We did not perform this procedure in Marfan patients. As this procedure becomes more common, we are carefully examining the clinical results. Despite the increasing numbers of reports of successful reconstruction results, [17] there are controversial series, like that of Zehr et al. [18] which report high reoperation and failure rates. Fleischer et al. [19] showed that the aortic and mitral cusps are as equally affected as the aortic wall. Considering the reoperation possibility that already exists in a Marfan patient, this could be considered an excessive risk.
The lack of yearly morbidity data, such as information regarding thromboembolisms or hemorrhagic events in patients who had the Bentall procedure, in the study is a result of a problem with the patient files. Although we had some postoperative follow-up values, the outpatient clinic files were not regularly recorded, and some of the patients with complications were admitted to other hospitals, as we discovered afterwards through phone calls. As a result, we excluded these parameters from our analysis to avoid any miscalculations. We did not histopathologically examine the resected specimens. This could be argued as a point of confirmation for the diagnosis of Marfan syndrome. However, all patients were advised of the family screening, and they were admitted to the genetic departments in tertiary clinics where available.
In conclusion, we are sure that our experience with aortic surgery is the key to our success with Marfan patients. Recently, mitral problems have seemed to increase and mandate surgery. First-step health utilities are important for earlier detection of Marfan syndrome and later follow-up and treatment may be continued in a specialized clinic. This will decrease emergency operations and, together with careful follow-up, will further increase life expectancy.
